Introduction
Recent years have witnessed intense research in the rational design and synthesis of metal-organic coordination polymers, not only due to their interesting topologies but also because of their potential applications as functional materials in fields such as molecular magnetism, catalysis, luminescence, gas adsorption, etc. [1, 2] Metal-organic complexes exhibit diversified structures because the coordination arrangement of the selected metal ions, the adopted bridging modes of the organic ligands, counterions, templates, and the reaction conditions such as temperature, solvent, pH value, and the ratio between metal salts and ligands exert crucial influences on the construction of the final results. [3] However, it is still a great challenge to predict the exact structures and composition of the assembled products, and further studies are required to understand the assembly process of metal salts and organic linkers.
So far, most of research efforts have been devoted to rigid polycarboxylate ligands, [4, 5] such as 1,4-benzenedicarboxylic acid, 1,3,5-benzenetricarboxylic acid (H 3 BTC), 1,3,5-benzenetriacetic acid (H 3 BTA), 1,2,4,5-benzenetetracarboxylic acid the monoclinic space group P2(1) and displays a 2D network. Complex 3 crystallizes in the tetragonal space group P4(2)/ncm and exhibits an infinite 3D architecture that has unusual [Cd 2 (CO 2 ) 4 Cl 2 ] dinuclear paddle-wheel units and [Cd(CO 2 ) 4 ] dodecahedron units. The results showed that the coordination arrangement of central metal atoms and the conformation and coordination mode of organic ligands play an important role in determining the structure of the complexes. The luminescence property of complex 3 was studied in the solid state at room temperature.
(H 4 BTEC), and so on, owing to their rational synthesis of default structures and relative high thermal stability of the obtained materials. In our understanding, the rigidity of organic linker is a double-edged sword. On one hand, it can improve thermal stability, but it also somehow limits the coordination configuration around the central metal atom for the sake of unexpected steric hindrance. Therefore new synthesis strategy should be developed to consummate it. Comparing to rigid ligands, flexible ligands are not that extensively studied in the field of metal-organic complexes, suffering to low porosity and interpenetration. Actually, they have also achieved some successes [6, 7] and demonstrate that the flexibility of ligand plays an important role in the design and synthesis of metal-organic complexes, can be used as a complement to rigid ligands. Therefore, we decided to investigate some new multicarboxylate ligands, which combine both rigid and flexible moiety in it to explore new functional metal-organic complexes and which provide a deeper understanding of flexible ligands.
Flexible ligands can be obtained by doing some decorations to rigid ligands through the introduction of methylene, -CH 2 O-, -CH 2 S-, or imine group into the aromatic and coordination groups. [7c,8] Until now, much of attention has been paid to ligands containing methylene and -CH 2 Ogroups, [8a,8b] whereas ligands decorated with imine group are less investigated. [7c,8c] In our opinion, this kind of ligand could be interesting because of the imine group's coordinating nature and dual role (donor and acceptor) in hydrogen interactions. Therefore, we designed and synthesized a new tritopic carboxylic acid ligand, 2,2Ј,2ЈЈ,2ЈЈЈ-[2, 3,5,6-tetramethyl-1,4-phenylenebis(methylenenitrilo) 
Results and Discussion

Synthetic Analysis
Complexes 1-3 were successfully synthesized by reacting H 4 L with the corresponding salts at 140 or 120°C for 3 d under hydrothermal conditions. The reaction route of 1-3 is shown in Scheme 1. The conditions of the respective reactions were affected by pH value, reaction temperature, type of salts, and metal-ligand ratio. Complex 1 is a novel 3D framework, whose optimal conditions are 140°C, pH value of 6.0, and CuSO 4 ·5H 2 O:H 4 L ratio as 2:1. Complexes 2 and 3 were synthesized at 120°C with different pH values and M:ligand ratios. Different to -CH 2 -, -CH 2 O-and -CH 2 S-, imine group can not only improve the flexibility of the ligand but also involve in the coordination with central metal atoms leading to new structures. 
Description of the Structures
The coordination modes of H 4 L ligand are shown in Scheme 2. The following structure discussion is based on CIF files of complexes 1-3 and the final formulas of complexes 1-3 are further determined by elemental analyses and thermogravimetric studies. (5), and Cu1-O4F 2.452 Å, respectively. The three short Cu1-O bonds distances [1.926(5)-1.957 (5) Å] are in the normal range compared to the other similar Cu-O bonds in reported complexes. [9] The Cu1 atom locates in the center of square-planar environment, which consists of three oxygen (O1, O2B, O3) atoms and one nitrogen (N1) 
Description of [Co(H 2 L)(H 2 O) 2 ][H 2 O] (2)
Complex 2 crystallizes in the monoclinic P2 (1) (15)°. The four carboxylic groups of the ligand are fully deprotonated with two protons transferred to the two nitrogen (N1 and N2) atoms, which is confirmed by crystallographic analysis as well as the IR spectroscopic data since a strong band at 3034 cm -1 was observed in the IR spectrum of 2. [10] Figure 3. The coordination environment of Co II ion in 2 with the thermal ellipsoid at the 40 % probability level. Symmetry codes: (a) 1-x, 0.5+y, -z; (b) 1-x, 0.5+y, 1-z; (c) +x, +y, 1+z; (d) +x, +y, -1+z; (e) 1 -x, -0.5+y, 1-z; (f) 1-x, -0.5+y, -z.
Each carboxylic group in H 2 L 2-bridges one Co II ion monodentatly, the whole H 2 L 2-ligand binds four Co II atoms and behaves as a 4-connected node. Through the linkage of H 2 L 2-, a 2D-network in bc plane is formed (Figure 4a ). In addition, www.zaac.wiley-vch.de 969 there exist intramolecular hydrogen bonds (N2-H···O1 and N1-H···O8) and intermolecular hydrogen bonds (O2W-H···O3W) (Table S2 , Supporting Information). It is believed that the hydrogen-bonding interactions play an important role in stabilizing the 2D network ( Figure 4b ). Description of [(CdCl) [11] It should be noticed that this kind of dinuclear Cd II building unit is rare, only limited examples are known. [11] Different from ARTICLE Cd1, Cd2 is situated at a fourfold axis and eight coordinated by eight oxygen atoms (O1, O2; O1E, O2E; O1F, O2F; and O1G, O2G; operators: E 0.5-x, 1.5-y, +z; F 0.5+y, 0.5+x, -z; G 1-y, 1-x, -z) of four carboxylic groups from four different LH 2 2-ligands, forming a slight distorted [CdO 8 ] dodecahedron coordination sphere. The Cd2-O bond lengths extend from 2.369(6) to 2.573(6) Å and the O-Cd2-O bond angles vary from 88.2(3) to 176.5(3)°, which are all slight larger than those of Cd1 (see Table S1 ). The flexible multicarboxylate H 2 L 2-ligand in complex 3 is fully deprotonated and two protons transferred to the two imine groups, which is confirmed by the IR spectrum. [12] Two of the four carboxylic groups bend to the middle of the ligand and bridge two Cd1 II ions forming the above mentioned [Cd 2 (CO 2 ) 4 Cl 2 ] paddle-wheel unit, whereas another two chelate two Cd2
II ions forming the distorted [CdO 8 ] dodecahedra (Type C, Scheme 2). Consequently, these H 2 L 2-ligands bridge the [Cd 2 (CO 2 ) 4 Cl 2 ] units and distorted [CdO 8 ] dodecahedra into a complicated three-dimensional compact architecture (see Figure 6 ).
The Effect of Flexibility of the Tetracarboxylic Ligand on Crystal Structure
Compounds 1-3 were obtained under similar reaction conditions, but display totally different structures, suggesting that their structures are mainly metal-dependent. The flexibility of the ligand allows the four carboxylic groups coordinate to different metal ions with different conformations and coordination modes. From the structure analyses it is clear that the two iminoacetic acid moieties in compounds 1 and 2 exhibit trans conformation, whereas in compound 3 cis conformation is observed. With the changing of metal ions, the coordination modes of the tatracarboxylic ligand changes also. In compound 1 the four carboxylic groups all adopt anti-anti double monodentate coordination modes. But only monodentate coordination mode is found in compound 2, and both chelating and double monodentate syn-syn bridging coordination modes are formed in compound 3. The flexibility of the tetracarboxylic www.zaac.wiley-vch.de 
440°for 3).
Obviously, the employment of flexible ligands can greatly enrich the structures of coordination compounds.
IR, Powder XRD Analysis, and Photoluminescence Property
The measurements of IR spectra of 1, 2, and 3 confirm the presence of the organic ligands used in the syntheses through the characteristic bands of aromatic and carboxylate groups (see Figure S2 , Supporting Information). The broad absorption bands of the asymmetric and symmetric stretching vibrations of water appear at 3700-2700 cm -1 . [13] The bands at 1676-1560 cm -1 and 1408-1334 cm -1 correspond to the asymmetric and symmetric stretching vibrations of the bound carboxylate groups (-CO 2 M), respectively. In the high-frequency region, the sharp bands are observed in the 3034 cm -1 and 3157 cm -1 range for complexes 2 and 3 due to ν(N-H) vibration of the ligand. [9] Figures S3-S5 (Supporting Information) show the powder XRD patterns of the title compounds. The experimental XRD pattern for each compound is in accordance with the simulated one generated on the basis of structural data, confirming that the as-synthesized products are pure phase. The solid state emission spectra of compound 3 and ligand H 4 L were measured at room temperature. Under excitation of 250 nm, both compound 3 and ligand H 4 L show a broad featureless band with a maximum of about 396 nm (Figure 7) , suggesting the emission of 3 might be assigned to the intraligand fluorescent emission. Comparing with the free H 4 L ligand, the enhancement of luminescence of compound 3 might be attributed to ligand chelation to the central metal atom, which effectively increases the rigidity of the ligand and reduces the loss of energy by radiationless decay. [13] 
Thermal Stabilities of Complexes 1-3
Thermogravimetric analyses (TGA) were carried out in a nitrogen atmosphere to examine the thermal stability of complexes 1-3 and the results are shown in Figure 8 . Complex 1 is stable up to about 240°C, and decomposes rapidly on further heating. For complex 2, the weight loss in the range of 50-225°C corresponds to the departure of one lattice water molecule and two coordinated aqua molecules (calcd. 10.10 %, found 9.75 %), and the framework undergoes decomposition in the range of 225-420°C. There is no obvious weight loss before 310°C for complex 3, indicating no solvent molecules accommodated in the structure and good stability. Finally, it decomposes rapidly till 600°C. oughly characterized using IR, EA, powder and single-crystal X-ray diffraction, TGA, and luminescence measurements. The structure measurements indicate that the multicarboxylate ligand in complexes 1-3 shows varied coordination modes to different transition metals and results in three different types of structures. The imine groups exhibit affinity to copper ions since only in the copper compound they are involved in the coordination, whereas central Cd II atoms are more propitious to form paddle-wheel units under synthesis conditions used in this research. The structure results also indicated that the introduction of imine groups and methyl groups to multicarboxylate ligand is a promising strategy to fabricate new MOFs with a specific structure.
Experimental Section
General: All solvents and reagents for the syntheses were of analytical grade and were used as received from commercial sources without further purification. 1,4-Bis(bromomethyl)-2,3,5,6-tetramethylbenzene was prepared as described in the literature. [14] Diethyl iminodiacetate was purchased from Aldrich. Elemental analyses for C, H, and N were carried out with a German Elementary Vario EL cube instrument. The IR spectra were performed with a Nicolet 6700 FTIR spectrometer in the region 4000-400 cm -1 using KBr pellets. Thermogravimetric analyses were recorded with a NETZSCH STA 449C unit at a heating rate of 10°C·min -1 in a nitrogen atmosphere. The powder X-ray diffraction (XRD) patterns were collected with a D8 Advance X-ray diffractometer using Cu-K α radiation (λ = 0.154 nm). Fluorescent analysis of the complexes was performed with a Fluoromax-4. In the measurements of emission and excitation spectra the pass width is 5 nm, and all the measurements were carried out under the same experimental conditions.
Synthesis of H 4 L: 2,2Ј,2ЈЈ,2ЈЈЈ-[2, 3, 5, ]tetraacetic acid (H 4 L) (see Scheme S1, Supporting Information) was synthesized according to the literature.
[7a] 1 H NMR (600 MHz, [D 6 ]DMSO, ppm) (see Figure S1 ): δ = 12.30 (s, 4 H, -COOH), 3.92 (s, 4 H, C 56.59; H 6.65; N 6.60 %; found: C 56.41; H 6.78; N 6 .30 %. IR (KBr, selected data): ν = 3431 (br), 1686 (s), 1540 (vs), 1461 (w), 1424 (s), 1369 (vs), 1316 (vs), 1256 (w), 1190 (w), 1003 (vs), 955 (vs), 843 (vs), 793 (vs) , 698 (vs) cm -1 (see Figure S2 ). Figure S2 ). Figure S2 ). Figure S2 ).
Synthesis of [(
X-ray Crystallography:
All the structure data of complexes 1-3 were collected with a Rigaku Mercury CCD diffractometer equipped with a graphite-monochromated Mo-K α radiation (λ = 0.71073 Å) at room temperature. All of the structures were resolved by the direct method and refined by full-matrix least-squares fitting on F 2 by SHELX-97. [15] All non-hydrogen atoms were refined with anisotropical thermal parameters. The hydrogen atoms of the water molecules were found in the electron density map and refined by riding except that belonging to free water molecule (O3W) atom in 2, which cannot be found. The other hydrogen atoms were located at geometrically calculated positions and refined by riding. Six carbon atoms (C5, C6, C7, C8, C9, C10) in complex 3 are disordered and are refined using carbon atoms split over two equivalent sites with a total occupancy of 1. Crystallographic data and structure refinement results are summarized in Table 1 . Selected bond lengths and bond angles are listed in Table S1 (Supporting Information). More details on the crystallographic studies as well as atomic displacement parameters are given in Supporting Information as CIF files. 
